because they lack the typical T-cell surface receptor and do not respond to antigens. They do, however, respond to IL-2, in line with their expression of the common γ-chain receptor, which functions as the signalling component of the IL-2 receptor.
Moro and colleagues 4 name these cells 'natural helper cells' and, on the basis of similar activation properties 5 , draw analogies with the natural killer cell (NK cell) -a type of lymphocyte that forms part of the innate immune defence against viruses and tumour cells, and that responds to cytokine stimulation and/or cell-surface components rather than specific antigens. However, natural helper cells lack NK-cell-lineage markers and, unlike NK cells, bear receptors commonly found on progenitor (rather than differentiated) cells, such as the IL-7 receptor and stem-cell-factor receptor (c-Kit). In view of these characteristics, it might be more accurate to call these cells 'natural T H 2 cells' .
The abundance of these cells is limited by the small size and number of FALCs. Nevertheless, their strategic location and the particular cytokines that they secrete endow them with considerable functional impact. Indeed, Moro et al. 4 show that, in mice, these cells help to combat infection with the hookworm-like helminth parasite Nippostrongylus brasiliensis by inducing proliferation of B cells in Peyer's patches (lymph-node-like structures in the gut wall) and mucus formation, which helps to expel worms from the gut (Fig. 1) .
The natural helper cells produce IL-5 and IL-13 in response to IL-25 (and IL-2), and also in response to IL-33, an atypical cytokine that activates the cell through the ST2 receptor 6 ( Fig. 1) . IL-33 is secreted largely by non-lymphoid cells such as endothelial cells that line blood vessels, epithelial cells, fibroblasts and,
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The expanding T H 2 universe
Warren Strober T H 2 growth factors, which are involved in allergy and in defence against parasites, are produced by many different cell types, including a newly identified population found in fat-associated lymph clusters in the abdomen.
It is almost 25 years since the publication of Mosmann and Coffman's seminal work 1 that defined two main subtypes of helper T lymphocyte: T H 1 cells and T H 2 cells. The T H 2 cells of this dichotomy were shown to produce a collection of growth factors (cytokines) and cell-attractant molecules (chemokines) that are involved in mediating allergic responses and host defence against parasitic infection. But the properties of the original T H 2 T lymphocyte are now known to be shared by several different cell types. For instance, a recently reported subpopulation of T cells, T H 9 T cells 2 , produce IL-9 and IL-10 -T H 2-type cytokines that exacerbate allergic inflammation. In addition, cells that produce IL-25 (macrophages, epithelial cells and mast cells) induce others to secrete the T H 2-type cytokines IL-5 and IL-13, and chemoattractants of eosinophils -inflammatory cells that contribute to allergic diseases and T H 2-type host defences 3 . Thus, we currently think of 'T H 2' not so much in the context of a cell, but rather as a function or, in business parlance, a 'franchise' . On page 540 of this issue, another cell contributing to the T H 2 franchise is reported by Moro and colleagues 4 . The authors detected the new cell population in previously overlooked fat-associated lymphoid clusters (FALCs), which are scattered along the blood vessels in the peritoneal mesentery (a vascular membrane that surrounds part of the intestine in the abdomen). The researchers show that these cells do produce T H 2 cytokines, but that they are not T cells notably in the present context, adipose cells. IL-33 then stimulates cells to produce T H 2-type cytokines such as IL-5 and IL-13 (but not IL-4, the archetypal T H 2 cytokine). It also stimulates certain types of progenitor cell to produce the blood-cell growth factor GM-CSF.
Rather than being secreted, most IL-33 is targeted to the nucleus of the cell that it is produced by, where it has ill-defined functions that relate to chromatin structure 7 . Because of this intra-nuclear accumulation, IL-33 is released to function as a cytokine only when the cell dies. In this situation, IL-33 may act as an 'alarmin' -a substance that signals to the immune system that cell death is occurring and that the organism may be in danger 7 .
It is therefore possible that the induction of natural-helper-cell functions by IL-33 is a form of immune response to danger signals that are released when the gut mucosa is attacked by parasites such as helminth worms.
The location of natural helper cells potentially allows them to contact a special population of self-renewing B lymphocytes called B1 cells, which reside in the peritoneal cavity 8 . B1 cells make antibodies that are specific for components of commonly encountered microorganisms or self-antigens, including those generated by programmed cell death (apoptosis) 9 . It is of considerable interest, therefore, that Moro et al. 4 show that natural helper cells support proliferation of B1 cells, and induce production of antibodies by splenic B cells, particularly IgA antibodies that operate on the mucosal surface. These findings provide a potential answer to the question of how B1 cells are maintained and how they participate in mucosal responses. Last, the stimulation of natural helper cells by IL-33, and their subsequent activation of B cells that neutralize self-antigens arising from cell destruction, may represent a newly discovered but evolutionarily old mechanism for the prevention of autoimmunity. ■ Warren Strober is in the Laboratory of Host Defenses, Mucosal Immunity Section, National Institute of Allergy and Infectious Diseases, Bethesda, Maryland 20892, USA. e-mail: wstrober@niaid.nih.gov
Carbon-hydrogen (C-H) and carbon-carbon (C-C) bonds are the two fundamental linkages of organic molecules. They are also among those least amenable to manipulation by synthetic chemists. The discovery in the 1980s that certain transition-metal complexes can break C-H bonds through formation of the corresponding metal-carbon and metal-hydrogen bonds [1] [2] [3] [4] [5] (a process sometimes referred to as C-H bond addition; Fig. 1a) was, therefore, a breakthrough. This reaction opened the way to the development of catalytic methods for the controlled modification of molecules at the site of a C-H bond. Today, C-H bond addition is one of the most dynamic areas of growth in synthetic organic chemistry [6] [7] [8] . By contrast, C-C bonds have proved much more resistant to cleavage by metal complexes. The relatively few known examples of C-C bond addition (Fig. 1b) typically require 'assistance' , in which other groups on the organic molecule hold a C-C bond near a metal atom, or involve C-C bonds that are anomalously weak 9, 10 . But on page 523 of this issue, Sattler and Parkin 11 report a remarkable example of C-C bond breaking in which there is no such assistance by other groups and in which the bond that is cleaved is substantially stronger than typical C-C bonds.
Sattler and Parkin performed this operation on an aromatic (benzene-like) molecule called quinoxaline (Fig. 2, overleaf) . Because the C-C bond in question is part of an aromatic system, it is even stronger than a normal C-C bond. But, in contrast to benzene's all-carbon ring, quinoxaline's ring system contains two nitrogen atoms. Similar nitrogen-containing aromatic molecules are ubiquitous in biology -for example, the bases found in nucleic acids. Not coincidentally, such compounds are also commonly found in fossil-fuel sources, where they can cause problems -they de activate the catalysts used in refining petroleum, and their combustion leads to the emission of polluting nitrogen oxides. Typically, therefore, the nitrogen must be removed by a difficult
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Carbon-carbon bonds get a break
Alan S. Goldman
As a rule of thumb, carbon-carbon bonds are not easily broken. But a tungsten complex has been found to break a particularly strong carbon-carbon bond, opening up fresh opportunities for organic synthesis. Parkin and colleagues previously reported 12 a molybdenum complex that reacts with quinoxaline to form a simple molybdenumquinoxaline complex -an interesting reaction, but one in which none of the quinoxaline bonds are broken. Lying immediately below molybdenum in the periodic table is tungsten. The team knew that tungsten typically behaves similarly to molybdenum, but that it is often much more aggressive with respect to breaking bonds. Even so, when Sattler and Parkin 11 mixed quinoxaline with a tungsten complex analogous to the molybdenum complex used in their previous work, the results were unanticipated. They found that the tungsten atom inserted into the C-C bond located between the two nitrogen atoms in quinoxaline. In other words, the nitrogen-containing ring of quinoxaline, which consists of six atoms, had expanded to an unprecedented tungstencontaining ring system that contained seven atoms (Fig. 2) . The mechanism of this remarkable process has yet to be determined, but the authors do have enough evidence to suggest an intriguing reaction pathway. The first key step in the proposed route is insertion of tungsten into the C-H bond of one of the two carbon atoms that eventually undergo C-C addition (Fig. 2a) . Next, the tungsten atom inserts itself into the C-H bond of the second carbon atom, in a reaction known as β-hydrogen elimination (Fig. 2b ). The resulting metal complex then loses the two hydrogen atoms that were initially attached to the carbon atoms, generating a molecule of hydrogen (Fig. 2c) . The geometry of the intermediate formed during this process puts the molecule under considerable strain, which is relieved when the system undergoes the final step to form the tungsten-containing seven-membered ring (Fig. 2d) . Most importantly, the final product contains two tungstencarbon-nitrogen-carbon linkages, known as
